In vitro adherence of Enterococcus faecalis and Enterococcus faecium to plastic biomaterials  by Joyanes, Providencia et al.
382 Clinical  Microbio logy a n d  Infection, Volume 5 Number  6, June 1999 
5. Butler WK, Kilhrn JO. Identification of major slowly growing 
pathogenic mycobacteria and Mycobacterium gordonae by high- 
performance liquid chromatography of their mycolic acids. 
J Clin Microbiol1988; 26: 50-3. 
6. Gen-Probe Inc. Accu Probe, Mycobarterium auium, Mycobacterium 
intracellulare culture identification test. In: Manual for in vitro 
diagnostic use. San Diego, Cahfornia: Gen Probe Inc., 1992: 1-6. 
7. Lebrun L, Espinasse F, Poveda JD, Vincent-Levy-Frkbault V. 
Evaluation of nonradioactive DNA probes for identification of 
mycobacteria. J Clin Microbiol 1992; 30: 2476-8. 
8. Devallois A, Picardeau M, Goh KS, Sola C, Vincent V, Rastogi 
N. Comparative evaluation and commercial DNA probes for 
detection and identification to species level of Mycobacten'um 
avium and Mycobacterium intrarellulare. J Clin Microbiol 1996; 34 
27569. 
9. Boddinghaus B, Rogall T, Flohr T, Blocker H, Bottger EC. 
Detection and identification of mycobacteria by amplification of 
rRNA. J Clin Microbiol 1990; 28: 1751-9. 
10. Wayne LG, Good RC, Bottger EC, et al. Semantide- and 
chemotaxonomy-based analyses of some problematic phenotypic 
clusters of slowly growing mycobacteria, a cooperative study of 
the international working group on mycobacterial taxonomy. Int 
J Syst Bacteriol 1996; 46: 208-97. 
11. De Smet KA, Brown IN, Yates M, Ivanyi J. Ribosomal internal 
transcribed spacer sequences are identical among Mycobacterium 
auium-intracellulare complex isolates &om AIDS patients, but vary 
among isolates from elderly pulmonary disease patients. 
Microbiology 1995; 141: 2739-47. 
12. Swanson DS, Kapur V, Stockbauer K, Pan X, Frothingham R, 
Musser JM. Subspecific differentiation of Mycobacterium avium 
complex strains by automated sequencing of a region of the gene 
(hsp65) encoding a 65-kdodalton heat shock protein. Int J Syst 
Bacteriol 1997; 47: 414-19. 
13. Soini H, Skurnik M, Liippo K, Tala E, Viljanen MK. Detection 
and identification of mycobacteria by amplification of a segment 
of the gene coding for the 32-kilodalton protein. J Clin Microbiol 
14. Soini H, Eerola E, Viljanen MK. Genetic diversity among 
1992; 30: 2025-8. 
Mycobacterium auium complex AccuProbe-positive isolates. J Clin 
Microbiol 1996; 34: 55-7. 
15. Telenti A, Marchesi F, Balz M, Sally E Bottger EC, Bodmer T. 
Rapid identification of mycobacteria to the species level by 
polymerase chain reaction and restriction enzyme analysis. J Clin 
Microbioll993; 31: 175-8. 
16. Thierry D, Vincent V, ClCment F, Guesdon JL. Isolation of 
specific DNA fiagments ofMycobacterium auium and their possible 
use in diagnosis. J Clin Microbiol 1993; 31: 1048-54. 
17. Roberts GD, Koneman EW, Kim YK. Mycobacterium. In 
Balows A, Hausler WJ Jr, Herrmann KL, Isenberg HD, Shadomy 
HJ, eds. Manual of clinical microbiology, 5th edn. Washington, 
DC: American Society for Microbiology, 1991: 304-39. 
18. Kulski JK, Pryce T. Preparation of mycobacterial DNA from 
blood culture fluids by simple &ah wash and heat lysis method 
for PCR detection. J Clin Microbiol 1996; 34: 1985-91. 
19. Devallois A, Picardeau M, Paramasivan CN, Vincent V, Rastogi 
N. Molecular characterization of Mycobacterium auium complex 
isolates giving discordant results in AccuProbe test by PCR- 
restriction enzyme analysis, 16s rRNA gene sequencing, and 
DTl-DT6 PCR. J Clin Microbiol 1997; 35: 2767-72. 
20. Taylor TB, Patterson C, Hale Y, S a h e k  W. Routine use of 
PCR-restriction fragment length polymorphism analysis for 
identification of mycobacteria growing in liquid media. J Clin 
Microbiol 1997; 35: 79-85. 
21. Devallois A, Goh KS, Rastogi N. Rapid identification of 
mycobacteria to species level by PCR-restriction fiagment 
length polymorphism analysis of the hsp65 gene and proposition 
of an algorithm to differentiate 34 mycobacterial species. J Clin 
Microbiol 1997; 35: 266S973. 
22. Steingrube VA, Gibson JL, Brown BA, et al. PCR amplifkation 
and restrichon endonuclease analysis of 65-kilodalton heat shock 
protein gene sequence for taxonomic separation of rapidly 
growing mycobacteria. J Clin Microbiol 1995; 33: 149-53. 
23. Guerrero C, Bernasconi C, Burki D, Bodmer T, Telenti A. A 
novel insertion element from Mycobacterium auium, IS1245, is a 
specific target for analysis of strain relatedness. J Clin Microbiol 
1995; 33: 304-7. 
In vitro adherence of Enterococcusfueculis and Enterococcus fuecium to 
plastic biomaterials 
Clin Microbiol Infect 1999; 5:  382-386 
Providencia Joyanes I, Alvaro Pascual '*, Luis Martinez-Martinez', Albert0 Hevia2 and EvelioJ Perea' 
Departments of 'Microbiology and 2Pathology, School of Medcine, Apt0 914, 41080-Seville, Spain 
*Tel: +34 95 4557448 
E-mail: 
Accepted 12 October 1998 
Fax: +34 95 4377413 
Enterococcus spp. are currently important causes of 
nosocomial infections [l] associated with the use of 
urinary and intravascular catheters [Z]. Several studies 
have demonstrated that infection rates are related to the 
duration of catheter usage and the nature and chemical 
composition of the biomaterials used to make medical 
devices [3]. 
Bacterial adherence either to host tissues or bio- 
materials is the first step in the colonization of these 
surfaces. Colonization of medical devices by micro- 
organisms is likely to depend on the ability to adhere 
to solid surfaces, allowing bacteria to form biofilms in 
which they are protected from harmful environmental 
factors. Some bacterial properties, such as surface hydro- 
phobicity, net surface charge and synthesis of exo- 
polysaccharide materials (slime), appear to be the most 
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important factors for the adherence of bacteria [4,5]. 
Bacterial biofilm on urinary catheter surfaces is made 
up of large numbers of bacteria embedded in a matrix 
of bacteria-derived glycocalyces, patient-derived 
proteins and urinary salts [6]. Biofilm formation may 
eventually result in catheter encrustation and possibly 
catheter obstruction [6]. Morlzover, bacteria growing in 
biofilms are highly resistant to antimicrobial agents 
[7,8]. The surface characteristics and composition of 
the biomaterials used to make catheters are critical for 
the biocompatibility of the device and for avoiding or 
favoring the adhesion of bacteria. Several authors have 
demonstrated differences in the interactions of some 
bacteria with different biomaterials [4,5,9-111 but there 
is little information available on the interaction 
between Enterococcus spp. and biomaterials. 
Clinical studies screening for enterococcal hemo- 
lysin on appropriate blood agar have reported an 
increased frequency of hemo:lytic strains causing infec- 
tion compared with strains found as part of the normal 
flora [12]. A potential contribution of enterococcal 
protease (gelatinase) to virulence has also been sug- 
gested and, like hemolytic strains, proteolytic strains 
cause infection more frequently than non-proteolytic 
strains [ 121. 
We have evaluated the in vitro adherence of clinical 
isolates of Enterococcus faecalis and Enterococcus faecium to 
six different plastic biomaterials. The importance of 
virulence factors of enterococci (hemolysin and gelati- 
nase production) and of surfa’ce hydrophobicity in bac- 
terial adherence to biomaterials has also been assessed. 
Eighteen clinical isolates of ertterococci and two ATCC 
strains were used: nine clinical isolates each of Entero- 
coccus faecalis and Enterococcus&ecium, Enterococcus fnecalis 
ATCC 29212 and Enterococcus faecium ATCC 19434. 
Strains were identified acconding to standard methods 
[13] and using the API-20 Strep system (BioMkrieux, 
Marcy L’Etoile, France). 
Surface hydrophobicity was measured according to 
the method of Rosenberg et al [14]. Three milliliters 
of phosphate-buffered saline (PBS) (pH 7.2-7.4), 
containing lo9 CFU/mL (measured by spectrophoto- 
metry; initial optical density, OD,) were vortexed for 
1 min with 0.25 mL ofp-xylene (Panreac. Barcelona, 
Spain), then left for 30 min at room temperature to 
allow for phase separation before the OD of the 
aqueous phase was again measured (final optical density, 
ODF). Surface hydrophobicity (SH) was expressed as a 
percentage according to the formula: SH= [l - (ODF/ 
OD,)] X 100. Hemolysin production was detected by 
culturing strains on Mueller-Hinton agar plates (Difco, 
Detroit, Michigan, USA) supplemented with human 
blood (5%) at 37°C for 48 h. (Gelatinase production was 
evaluated by culturing strains in tubes containing 5 mL 
of heart infusion broth (Difco) with gelatin (40 g/L) 
(Difco) at 37°C for 1 week. A daily measurement was 
made after incubation at 4°C for 4 h. Liquefaction of 
the medium was considered to be a positive reaction. 
Catheters made of different materials were used: 
siliconized latex (pediatric Foley catheter; Inmed, 
Malaysia), silicone tubing (ElKay, Boston Turnpike 
Shrewsbury, MA, USA), Teflon (Abbocath 16G, Abbott 
Laboratories, Sligo, Eire), Vialon (Viacath, Becton 
Dickinson, Madrid, Spain), polyurethane (Cavafix 
Certo, B. Braun Melsugen AG, Wittenberg, Germany) 
and polyvinylchloride (Drum-Cartridge catheter, Abbot 
Laboratories, Eire). For adherence assays, catheters were 
cut into 0.5-cm segments under sterile conditions. 
Before use, catheter segments were incubated in 
tryptic soy broth (TSB) (Difco) for 1 h at 37°C. 
Bacterial suspensions in TSB were added to the bottles 
containing catheter segments to a final concentration 
of 2.5 X lo5 CFU/mL and incubated at 37°C for 24 h. 
After incubation, three segments of each biomaterial 
were removed from the vials with sterile forceps, 
washed three times in ice-cold PBS to remove non- 
adherent bacteria, placed in 1 mL of PBS, sonicated for 
1 min in a sonicating bath at 45 kHz and vortexed at 
maximum speed for 15 s. After dilution with ice-cold 
PBS, 10 FL of the bacterial suspension was plated on 
tryptic soy agar plates. The number of CFUs was 
counted after 48 h of incubation at 37°C. The total 
surface area of each segment was calculated, and final 
results were expressed as adherent CFU/cm2 of material. 
The adherence values to biomaterials of each strain 
were determined in three different days. Each day the 
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Figure 1 Adherence of Enterococcirs fueculis (10 strains) and 
Entevococcusfaecium (10 strains) to siliconized latex (LS), 
silicone (S), Teflon (T), Vialon (V), polyurethane (PUT) 
and polyvinylchloride (PVC) at 24 h. *p<0.05. 
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Figure 2 Scanning electron micrographs of enterococci that have adhered to plastic biomaterials. (a) Enterococcurfaeculis on 
sicone. (b) Enferococcusfuecitrm on silicone. 
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Figure 2 (continued) (c) Enterotoccus fecalis on polyvinylchloride. (d) Enterococcusfaecium on polyvinylchloride 
(bar=lO pm). 
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experiment was done with three segments of each bio- 
material. 
For scanning electron microscopy (SEM), catheter 
segments colonized by enterococcal biofdm were 
washed in PBS and placed in a furative solution of 2.5% 
glutaraldehyde in PBS for 1 h at 4°C. Samples were 
then exposed to osmium tetroxide (1%) in water for 1 h 
and dehydrated in a series of aqueous ethanol solutions 
(30-100%). Critical point drying was performed in 
liquid COz and, finally, samples were coated with gold- 
palladium in a sputter coater before examination under 
a scanning electron microscope OEOL JSM-T300). 
All strains were hydrophilic with a surface hydro- 
phobicity of less than 29%, except for strain FS-8 
(HS=67%). Eight strains of Enterococcusfaecalis produced 
gelatinase and four strains hemolysin. None of the 
Enterococcusfaecium strains produced either gelatinase or 
hemolysin. The adherence values of tested strains at 
24 h are shown in Figure 1. Enterococcu5 faecalis adherence 
was significantly higher than that of Enterococcusfaecium 
for all the biomaterials tested. These differences were 
also observed with scanning electron microscopy 
(Figure 2). No differences in enterococcal adherence 
were observed among the different biomaterials tested. 
Previous reports have shown that hydrophobic 
strains of staphylococci adhere more efficiently to 
hydrophobic polymers than to hydrophilic strains [4]. 
Nevertheless, other studies have shown no correlation 
between staphylococcal surface hydrophobicity and 
adhesion of the bacteria to a wide range of polymers 
[10,1 I]. The surface hydrophobicity of enterococci 
seems not to mediate the in vitro adherence of 
enterococci. Although the surface hydrophobicity of 
strain FS-8 of Enterococcusfaecalis was close to 70%, its 
adherence to the plastic biomaterials studied was similar 
to that of hydrophilic strains. 
We did not observe any relation between hemo- 
lysin and gelatinase production and bacterial adherence 
to biomaterials in vitro. The adherence of hemolytic or 
proteolytic Enterococcusfaecalis strains was similar to that 
of non-hemolytic or non-proteolytic strains. 
Bacterial adherence to plastic surfaces also depends 
on the nature of the biomaterials. Kristinsson [Il l  
found a wide strain-to-strain variation in staphylo- 
coccal adherence to silicone and polyurethane. 
Espersen et al [lo] found that although the individual 
staphylococcal strains showed great variation in adhe- 
sion to certain materials, it was possible to distinguish 
plastics with high and low adhesion capacity. Similar 
results have been reported by Lhpez-Lhpez et al [9] and 
Martinez-Martinez et al [15], who observed that the 
adherence of Escherichia coli and Pseudomonas aeruginosa 
to PVC and siliconized latex was significantly greater 
than that to Teflon or polyurethane. For enterococci, 
however, we did not observe any difference when six 
biomaterials commonly used for making catheters were 
compared. 
In-vitro Enterococcus faecalis adherence to all six 
plastic biomaterials studied was higher than that of 
Enterococcus faecium. Although the clinical significance 
of this finding is presently unknown, it could partially 
explain the differences in the incidence of both species 
as a cause of medical device-associated infections. 
Further experimental stuhes should be performed to 
elucidate this point. 
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